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Foreword
The National Standard Reference Data System provides access to the quantitative data of physical science, critically evaluated and compiled for convenience and readily accessible through a variety of distribution channels. The System was established in 1963 by action of the President's Office of Science and Technology and the Federal Council for Science and Technology, and responsibility to administer it was assigned to the National Bureau of Standards.
NSRDS receives advice and planning assistance from a Review Committee of the National Research Council of the National Academy of Sciences-National Academy of Engineering. A number of Advisory Panels, each concerned with a single technical area, meet regularly to examine major portions of the program, assign relative priorities, and identify specific key problems in need of further attention. For selected specific topics, the Advisory Panels sponsor subpanels which make detailed studies of users' needs, the present state of knowledge, and existing data resources as a basis for recommending one or more data compilation activities. This assembly of advisory services contributes greatly to the guidance of NSRDS activities.
The System now includes a complex of data centers and other activities in academic institutions and other laboratories. Components of the NSRDS produce compilations of critically evaluated data, reviews of the state of quantitative knowledge in specialized areas, and computations of useful functions derived from standard reference data. The centers and projects also establish criteria for evaluation and compilation of data and recommend improvements in experimental techniques. They are normally associated with research in the relevant field. 
Introduction
During the past decade, the detailed investigation of the dynamics, rates, and mechanisms associated with the interactions of ions with molecules in the vapor phase has been characterized by an almost exponential growth. The current widespread interest in these processes can be attributed to their recognized role in the upper atmosphere, combustion systems, in materials exposed to high energy radiation, and to their application in industrial chemical synthesis and trace analysis, especially in air and water pollution. This is the second in a series of compilations and evaluations of rate coefficients for ion-molecule reactions occurring at thermal or near thermal ion kinetic energies. The first segment, which dealt exclusively with the reactions of organic ions containing only C and H, was published in 1976 [l] 1 . This portion deals with the reactivities of all other organic ions (other than those containing C and H only). Ions which constitute "borderline" organics, such as HCN + , CS 2 + , CS 2 ", and C0 3 ", C0 4 _ , and CN", as well as protonated CO and C0 2 , will be considered in a subsequent article.
Our goal in preparing these articles is twofold. First, we wish to provide a comprehensive, up-to-date compilation of those bimolecular and termolecular ionmolecule reactions and the associated rate constants (coefficients) recorded under reasonably well-specified experimental conditions at ion kinetic energies < 0.5 eV. We have restricted our entries to those data expressed in units of cm 3 /molecule-s or cm 6 /mole-cule^s, which encompass more than 95 percent of the figures in brackets indicate literature references at the end of this paper. recent measurements carried out at thermal or nearly thermal energies. Second, since rate coefficients have now been determined under a variety of experimental conditions it is possible, in individual cases, to subject the combined literature to critical evaluation and to suggest a preferred value. We feel that this objective is of prime importance since many investigators use reference reactions for instrumental calibration purposes. Unfortunately, depending upon the particular laboratory, different values have been assumed in ings dealing with this subject. Unpublished results, as well as any which were not subjected to prior critical review via the normal scientific refereeing channels, are not included. In spite of the fact that every effort has been made to extract all of the relevant kinetic data from the literature it is possible, in an undertaking of this magnitude, that pertinent references may have been inadvertently overlooked. Any omissions which may have accidentally occurred are not intended to reflect the authors' judgments concerning the validity of individual rate measurements or the potential accuracy of the experimental technique used by any particular laboratory.
1.1.

Evaluation of Data
With respect to error limits and the reliability of data, it is often difficult to make an objective judgment concerning the validity of a particlar rate coefficient.
However, it is our feeling that greater than 98 percent of the tabulated values for fast reactions are most certainly correct to within a factor of 2 of the true value at the stated temperature and/or kinetic energy.
Difficulties often arise in assigning more stringent limits. For example, one of the perplexing aspects of the chemistry associated with complex ions is the fact that the reactivity of these species may depend critically upon the internal energy content of the reactant ion. Whenever specific reactions have been shown to exhibit such effects it is so stated in the compilation. Second, many of the older values reflect the reactivities of ions which were translationally excited due to the presence of electric fields within the reaction zone. Although this condition would not necessarily affect the total reactivity of any given ion, it is well established that resultant product distributions are often seriously affected. Moreover, in many cases the original authors did not properly state their experimental conditions, particularly with respect to the temperature of the bulk gas. Even when the temperature was stated it is unlikely that the neutral flow component had achieved equilibrium, especially in measurements carried out at reduced pressures. Taken together, these complications, as well as others discussed elsewhere [2, 3] , introduce a large and often undefinable uncertainty in a number of the tabulated values.
When the accuracy limits given by the original authors seem appropriate within the framework of the possible sources of error, the original error limits are cited. Otherwise, either a reasonable estimate is applied or limits are simply not stated. In general, the most recent values tend to be the most accurate for any given reaction-pair. Tables   Two tables are presented, table 1 covering positive   ion reactions and table 2 , negative ion reactions. The entries in the various columns are described as follows:
Reaction Rate
2.1.
Reaction
The reactions are listed sequentially according to the following format: (c) When the reactivity of any single ion towards two or more neutrals has been reported, the ordering sequence reflects the hierarchy of the neutral within the procedure outlined in (a) and (b).
Only the empirical formula of the reactant ion is given. The neutral from which the ion was derived, or the structure suggested by the original author, is given under the column entitled Comments (see below) . The name or the structural formula of the neutral reactant is always given under the Reaction column. In order to conserve space, the abbreviations n (normal), i (iso), t (tertiary), and c (cyclo) are also sometimes used to define structural isomers. Due to the complexity of the product distributions associated with many of the reactions which are listed, as well as the fact that the branching ratios are often sensitive to changes in temperature, pressure, and internal energy, the reaction products are not specified.
Moreover, in many cases only the total reactivity of a given ion towards a given neutral was reported, without specifying reaction products. 
Experimental Methods
The nomenclature used to describe the various measurements techniques is similar to that used by Ferguson [4] . 
Method
Mass Spectrometer Ion Source (MS)
This is a catchall category used to denote measurements involving a single reaction chamber associated with a mass analysis system. The application of this technique varies considerably from laboratory to laboratory. Some groups work in the pressure range 10~3 to 10' 1 Nm' 2 , with or without pulsed chambers, while others have extended the pressure range up to nearly one atmosphere. Both photoionization and electron impact have been utilized to produce reactant ions.
Many of the earlier low pressure studies involved the application of a electric field across the reaction zone for the purposes of ion extraction. In these cases the reactant ions were continuously accelerated, giving an epithermal kinetic energy distribution. In many cases characterization of an experiment as being of the Beam type, Mass Spectrometer ion source type, etc., is not sufficient for defining the exact measurement technique. The reader should always refer to the specific literature citation associated with the quoted rate coefficient for details of the variation used to generate any particular value.
2.5.
Comments
This column is used to provide descriptive information pertinent to the measurement such as " k varies with temperature, photoionization," etc. When the quoted value of k for any particular reaction was determined relative to an assumed value for a calibration reaction, then the assumed value for the calibration reaction is given. For ions containing two or more C atoms, one or more structural isomers may be present in any given experiment. In every case where the identity of the reactant ion is not obvious, we have listed either the neutral from which the ion was derived or the probable structural formula. The following abbreviations are also used: KE = ion kinetic energy, IEE = ion exit energy, and V cm' 1 to denote the magnitude of the imposed potential within the reaction chamber. Several of the ICR values were determined by pressure variation. When such measurements are reported, the entry "Pressure varied" is included.
Comments pertinent to our choice of a preferred value are also given in this column. (-9) ICR From C2H5OH 'The numbers in parenthesis should be read as the power 10 of the number. Thus ( -9) is 10" 9 .
'The reaction CH30H + -(-CH30H products has been investigated in five different laboratories. The most recent determinations (refs. 10, 15, and 23) of the overall conversion coefficient were obtained by the ICR technique, and suggest an average value of 2.00 ± 0.17 ( -9) for this process. All earlier values were obtained by single source mass spectrometry (refs. il7, 19, and 24). In each of those studies the rate coefficient for the reaction CH4 -f-CtR products was independently determined and reported.
Taking the reference value which we suggested earlier [1.14 (-9), ref. 1] for the methane reaction together with the methanol values given in refs. 17, 19, and 24, and appropriately correcting the individual values given for methanol, an average value of 2.47 ± 0.16 ( -9) is obtained for the MS studies. Although one is tempted to suggest that the recent ICR values are more accurate, it is disconcerting to note that ref. 10 (the most recent ICR study) also reports a value of 2.56 ± 0.17 (-9) for the reaction CD30H + + CD3OH -> products, which is essentially equivalent to the MS value for the unlabeled analogue. Taking all factors into consideration, and recognizing that the methanol reaction will exhibit a negative temperature and ion kinetic dependence due to ion-dipole interactions (ref. 23) , it would seem that the actual value of the thermal rate coefficient (300 K) for the reaction CH.3OH + -f-CH.jOH -* products other than CH3OH + (resonance electron or hydrogen exchange also gives CH3OH + , and would be undetected) should fall within the limits 2.2 ± 0.3 ( -9 within the limits 1.64 ± 0.22 ( -9) , which is essentially equivalent to a collision efficiency of unity for conversion to products. Contributions from resonant electron or atom exchange cannot be evaluated. 'The rate coefficients reported for this very fast reaction have remained remarkably consistent over the years, and a value of 2.12 ± 0.20 (-9 ) is suggested at moderate temperatures (~300 K) for thermal ions. The numbers in parenthesis should be read as the power 10 of the number. This (-9) is 10' 9 . NBS-114A (REV. A compilation is presented of all experimentally determined bimolecular and termolecular rate coefficients for the reactions of organic ions (other than those containing only C and H) with neutral molecules in the vapor phase.
The literature covered is from 1960 to the present, and both positive and negative ions are considered.
Five hundred and seventy-seven separate reactionpartners are tabulated, and experimental conditions are specified wherever possible.
Preferred values are suggested for a number of these processes. 17 . KEY WORDS (six to twelve entries; alphabetical order; capitalize only the first letter of the first key word unless a proper name; separated by semicolons) Chemical kinetics; data evaluation; gas phase ion-molecule reactions; mass spectrometry; organic molecules; rate coefficients. 18 
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